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"TWHAIATTOM APPXPX»m«;* 

this Invention role tea to inhalation apparatus 
for dispensing inhaled sub s ta n cco and in particular 
but not exclusively to dispensing of sodiclnal 
products la aerosol faro fras a pressurised 
dispensing container. 

It is knovn to provide e oensor in an 
inhalation apparatus to detect inhalation by a user 
in order to synchronise with inhalation the release 
into the Inhaled air flow of a substance to be 
inhaled. It le far example important in the 
administration of aerosol products for the relief of 
asthma that the fining of the dispensing operation 
should be ear* fully controlled to ensure maximum 
deposition of tha substance in the oser*e lungs. 

It is knovn frcn V087/043S4 to provide an 
electrically operated dispensing means responsive to 
a signal generated by e sensor- which is responsive to 
the flow of air through a passageway. A hinged flap 
cooperates with a reed contact to oaks electrical 
contact and generate an actuating signal for the 
di spans tug Beans* 

According to the present Invention there is 
disclosed inhalation apparatus for dispensing inhaled 
substances coap r ising e housing defining a passageway 
for inhaled air, a dispensing means operable in 
response to an electrical actuating signal to 
' dispense into the passageway a substance to be 
Inhaled, and s sensor operable to produce, the 
actuation clonal in response to Inhalation wherein 
the eensor cuaprtses a membrane of piezoelectric 
notarial and support Beans supporting the membrane 
relative to the housing at a location such that the 
cenbrano flexes in response to a change of air 
pressure in the passageway to thereby generate the 



actuation signal. 

la advantage of such apparatus is that it 
provides a sensor of staple construction and which is 
relatively easy to assemble with the housing. A 
5 further advantage Is that the eensor generates an 
actuation signal by piezoelectric action which does 
not require the sensor to be energised from an 
external electrical source. 

Preferably the membrane comprises a flexible 
10 polymeric piezoelectric material such as 
polyvinyl idene fluoride (F7DP). 

Conveniently the s up por t means comprises e 
support member cooperating with the bousing to class* 
a damped portion of the membrane in fixed 
IS relationship with tha housing, the clamped portion 
being peripheral to at least one undamped portion 
which is flexible in response to pressure change in 



Preferably the membrane overlays a portion of a 
20 side wall defining the passageway. 

The Bamber may alternatively be mounted on e 
resilient diaphragm for flexure in unison with the 
diaphragm, the diaphragm being located such that one 
side of the diaphragm is exposed to ambient air 
25 pressors and the other elde of the diaphragm Is 
exposed to air within the passageway. 

Fret erred' embodiments of the present invention 
will tow be described by way of example only end with 
reference to the accompanying drawings of which: ~ 
30 figure l is e pert sectioned elevation of en 

inhalation apparatus; 

figure 2 is en exploded perspective view of the 
apparatus of Figure 1; 

figure J is e part sectioned elevation of en 
IS alternative apparatus; and 

figure 4 is a sectioned elevation of a further 
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alternative apparatus. 

Apparatus 1 of Figure 1 comprises) e generally 
tubular housing 2 receiving e cylindrical pressurised 
dispensing container 2. the container 3 ham an 
electrically operated outlet valve « which is 
operable to release a metered dose of a medicinal 
product through e valve etem 5 in response to an 
electrical actuating signal. 

The housing 2 consists of a main tubular 
portion 6 which receives the container 3 end a 
mouthpiece 7 projecting laterally from too lower end 
of the main tubular portion. The main tubular 
portion 6 includes circumferentlelly spaced ribs 8 
which project inwardly so as to specs the container 3 
from the housing 2 to allow air to flow around the 
container 's. An air passageway 9 is defined by the 
housing 2 and extends from an open and 10 of the 
bousing, through the main tubular portion 6 and 
through the mouthpiece 7 to an outlet 11. 

The valvo stem 5 is received in e nozzle 
fitting 12 having a noizle opening 12 a r ra n ged to 
direct en aerosol spray from discharge through the 
valve in e direction towards the outlet 11. 

A sensor 14 is located In the mouthpiece 7 and 
comprises a piezoelectric membrane 15 which Is held 
by o support eember IS so es to normally lie in 
contact with an annular side wall portion 17 of the 
mouthpiece 7. 

As shown more clearly in Figure 2 the support 
member 16 Is generally tubular In shape end fits 
snugly within the mouthpiece 7. fl 
16 is provided with cut-outs la, 15 and 20 1 
which cxiJiea ponding u ndamped portions or the 
membrane 15 ere exposed, each exposed portion of the 
membrane be Ing surrounded by an annular clamped 
portion which is overlaid by the support member 16 
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end clasped in contact with the aide wall portion 17. 

Tho ombrana 19 Is a f Hp of FvDF 
(polyvlnylidene fluorido) material upon vhlch are 
forced sensor electrodes (not shown) in known nannex 
to provide an electrical output signal responsive to 
flexure of the film. 

An output lead 21 connects the to the 

valve 4 which Includes suitable circuitry to actuate 
the valve in responss to an actuating signal. 

In use a user Inhales air through the 
Bouthplece 7 resulting In a drop of air pressure 
within the nouthpleee. air flows through the 
housing 2 fron the open end 10 to the outlet 11. 
the presence of the container 3 In the naln tubular 
portion 6 results in the passageway 9 being 
constricted adjacent to the open end 10 which tends 
to enhance the drop la pressure of the eir within the 



In response to the drop of air pressure within 
the mouthpiece 7 the membrane is flexes such that 
exposed portions of the aesbrane 19 tow into the 
cut-cuts IB, 19 end 20 end this flexure of the 
membrane results In an actuating signal being 
generated by piezoelectric action in the membrane end 
transmitted via output lead 21 to the valve 4. 

The valve 4 is actuated by the actuating signal 
end releases a Bsasurod dose of pedlcanent into the 
nozsle fitting 12 from which it is dispensed as an 
aerosol spray through the nossle opening 13 into the 
mouthpiece 7 so as to be entrained in the air flow 
and hence inhaled by the user. 

When the inhalation ceases the membrane relaxes 
to its rest position in which It lies in contact with 
the side wall portion 17. During this toleration of 
the membrane e signal of opposite polarity is 

I by the nenbrane. the circuitry of the 



valve 4 is arranged to not respond to a signal of 
this reverse polarity. 

An alternative apparatus 30 is shown in Figure 
3 and is described using c or resp on ding reference 
5 nose rale to those of Figure l where appropriate for 



The alternative apparatus 30 has a pressurised 
dispensing container 3 having a conventional 
mechanical valve 31 which is actuated by depression 
of a valve stes 5 relative to the container. The 
valve etea 5 is received in a fixed nossle fitting 12 
and the container Is noved towards and away froa tho 
nossle fitting by e solenoid operated plunger 32. 
The plunger 32 is driven by an electrical actuator 33 
which is connected to e sensor 14 which corresponds 
to tho censor 14 of tho apparatus of Figures 1 and 
2. Sensor 14 is slnilarly located In a nouthpleee 7 
of housing 2. 

In use a user inhales air through the 
noothplece 7 end air ie drawn through a passageway 9 
defined by housing 2. Air pressure within the 
nouthpleee is decreased by the inhalation so that the 
nenbrane IS flexes so as to bow Into the cut-outs 18, 
19, and 20 of the supp or t member 16. An actuating 
signal is transmitted to the actuator 33 resulting in 
the plunger 32 being noved by solenoid action so as 
to translate the container 3 towards the nossle 
fitting 12. The valve 31 operates* to release e 
medicinal product through the etea 5 which is 
eternised end injected into the air flow by the nossle 
opening 13. 

A further alternative apparatus 40 is shewn in 
Figure 4 and will be described using corresponding 
reference enserals to those of previous Figures where 
appropriate for conoapondlng elements. 

Apparatus 40 has a bousing 41 with a mouthpiece 



7 communicating via a tubular duct 42 with an inlet 
opening 43 arranged such that the inlet opening and 
mouthpiece 7 are at opposite ends of the tubular duct. 
The housing 41 i nc ludes e side arm 44 defining 
S a second duct 49 communicating with the first duct 42 
st a T-junction 46. 

The side arm 44 has an outer end 47 at which is 
located a piezoelectric etomiser 48 of e type in 
which liquid from a liquid reservoir 49 is dispensed 

10 through a perforate membrane SO in response to high 
freque n cy vibration of the membrane 50 by e 
piezoelectric element 51. 

A elde port 92 is formed in the side arm 44 
intermediate the T-junction 46 end the etomiser 48 

U and the side port is closed by an elastcaeric 

die p hragn S3. A piexeoelectric membrane 54 of PVDF 
nateriel is bonded to the diaphragm S3 so as to flex 
in unison with the diaphragm. The membrane 54 is 
provided with suitable electrodes (not shown) for 

30 sensing piezoolectrically i n d uced voltages resulting 
from flexuro of the membrane end which ere connected 
to an ele ctron ic control unit 95 which is operable to 
actuate the atomiser 48. The membrane 94 and 
diaphragm 53 constitute a sensor 56 which is 

25 responsive to pressure change in the second duct 43. 

The inlet opening 43 is dftfinrd by an annular 
fomatian 97 which provides a constriction to the 
flow of air through the duct 42. 

In use a user Inhales air through the 

30 nouthpleee 7 end an eir flow Is established through 
the duct 42 from the restricted inlet opening 43. A 
pressure drop established within the duct 42 Is 
ccarmil rated to the second duct 49 resulting in 
Inward flexure of the diaphragm 53 and with it the 

35 nsmbrans 54. The sensor 56 produces by 

piezoelectric action en actuating; signal transmitted 



to the control unit 55 resulting in the atomiser 48 
being actuated. A mist of liquid is dispensed from 
the reservoir 49 through the perforata membrane 50 
into the second duct 45 and is drawn into the duct 43 
5 from whence it is Inhaled through tho mouthpiece 7. 

On completion of inhalation the pressure within 
the ducts 42 and 49 is restored to atmospherio 
pressure and the diaphragm 53 relaxes to its rest 
position. Daring this relaxation a signal of 
10 opposite polarity is generated by the sensor 36. 
The control unit 5S is arranged not to respond to 
reverse polarity signals. 



1. Inhalation apparatus for dispensing 
inhaled substances comprising a housing defining a 
5 passageway for inhaled air, a dispensing oeans 
operable in response to an electrical actuating 
signal to dispense into the passageway a substance to 
bo Inhaled, and a sensor operable to produce the 
actuation signal in response to inhalation wherein 

10 the sensor coaprUes a n o n n rano of piezoelectric 
tutorial and support Deans supporting the ueubrene 
relative to the homing at e location such that the 
nenbrene flexes in response to a change of air 
pressure In the passageway to thereby generate the 

IS actuation signal. 



2. inhalation apparatus as claimed is dais 1 
wherein the neahrana eesprises a polymeric 
piezoelectric naterlal. 



3. Inhalation apparatus as claimed in claln 3 
wherein the piezoelectric naterlal Is polyvlnylldene 
fluoride. 



Inhalation apparatus as clalned In any 



support nenber cooperating with the housing to clasp 
a clasped po r tion of the neshrane in fired 
relationship with the housing, the portion 
30 being peripheral to at least ens nnmmnpetl portion 
which is flexible in response to pressure change in 



S. Inhalation apparatus as clalned in claln 4 
33 wherein the neshrane overlays e portion of e side 
vail defining the passageway. 



6. Inhalation apparatus as clalned in any of 
dales 1 to 4 wherein the member la counted on e 
resilient diaphragm for flexure in unison with the 
5 diaphragm, the diaphragm being located such that one 
side of the diaphragm is exposed to ambient air 
pressure and the other side of the diaphragm la 
e x p os e d to air within the passageway. 



10 T. Inhalation apparatus substantially as 

hereinbefore described with reference to and es shown 
In any of the accompanying drawings. 
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